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“Só se pode alcançar grande êxito quando nos 






O objetivo neste estudo foi avaliar o efeito da atenuação de luz através de 
restaurações cerâmicas, no grau de conversão, propriedades mecânicas e 
estabilidade de cor de materiais resinosos experimentais contendo diferentes 
fotoiniciadores.  Na primeira parte do estudo, seis cimentos resinosos foram 
formulados contendo diferentes fotoiniciadores: Canforquinona (CQ)/EDMAB (4-
dimetilamino benzoato de etila); CQ/DMPOH (álcool dimetilamino feniletílico); 
CQ/DMAEMA (dimetil aminoetil metacrilato); CQ/EDMAB+TPO (óxido mono-alquil 
fosfínico); TPO ou BAPO (óxido bis-alquil fosfínico). Com um espectrômetro, foi 
avaliada a atenuação da luz de um fotoativador multiple-peak através de cerâmicas 
com espessuras de 0,4 mm; 0,7 mm; 1,0 mm; 1,5 mm. A absorção de luz pelos 
fotoiniciadores foi obtida com um espectrofotômetro UV-Vis. Os testes foram 
realizados com e sem a interposição das cerâmicas. O grau de conversão dos 
cimentos foi obtido por espectroscopia micro-Raman. A estabilidade de cor foi 
avaliada por espectrofotometria, antes e após envelhecimento artificial dos cimentos 
e a resistência à flexão foi obtida em uma máquina universal de ensaios. Os dados 
foram analisados pela ANOVA e teste de Tukey (α=0,05). A atenuação de luz foi 
maior no espectro violeta através de todas as espessuras cerâmicas. O cimento 
resinoso contendo BAPO apresentou os maiores valores de grau de conversão e de 
resistência à flexão. O cimento contendo somente TPO apresentou os menores 
valores de grau de conversão e resistência à flexão com cerâmicas de 1,0 e 1,5 mm. 
O cimento com CQ+TPO obteve valores de grau de conversão e resistência à flexão 
semelhantes aos cimentos contendo CQ/amina. A maior alteração de cor foi 
observada nos cimentos contendo CQ/EDMAB e CQ/DMAEMA. As menores 
alterações ocorreram nos cimentos contendo TPO. Na segunda parte do estudo, 
cinco adesivos convencionais e cinco autocondicionantes foram formulados 
utilizando diferentes proporções dos fotoiniciadores CQ/EDMAB e TPO: 1CQ:0TPO; 
3CQ:1TPO; 1CQ:1TPO; 1CQ:3TPO; 0CQ:1TPO. A  atenuação de luz de um 
fotoativador multiple-peak através de um laminado cerâmico de 0,5 mm de 
espessura associado a uma película de cimento resinoso de 0,3 mm de espessura, 
foi avaliada. A absorção de luz pelos fotoiniciadores foi obtida com um 
espectrofotômetro UV-Vis. Os testes foram realizados com e sem a interposição do 
laminado cerâmico associado ao cimento resinoso.  As resistências coesiva e de 
união ao microcisalhamento dos adesivos foram avaliadas em máquina universal de 
ensaios. Os dados foram analisados pela ANOVA e teste de Tukey (α=0,05). A 
atenuação de luz foi mais evidente no espectro violeta com interposição dos 
materiais restauradores. Os sistemas adesivos contendo TPO a partir de 75% 
mostraram os menores valores de grau de conversão quando o conjunto cerâmica-
cimento resinoso foi interposto. Os adesivos contendo até 50% de TPO tiveram os 
maiores valores de grau de conversão e de resistências coesiva e de união com o 
material restaurador interposto. A partir dos resultados deste estudo, pode-se 
concluir que o uso do BAPO melhoraria as propriedades físico-químicas dos 
cimentos em restaurações indiretas. A substituição parcial da CQ por TPO 
aumentaria a estabilidade de cor, sem comprometer as propriedades físico-químicas 
dos cimentos e melhoraria a profundidade de polimerização mantendo as 
propriedades mecânicas dos adesivos. 
 
 





















The aim of this study was to evaluate the effect of light attenuation through ceramic 
restorations on degree of conversion, mechanical properties and color stability of 
experimental resin materials containing alternative photoinitiators. In the first part of 
this study, six resin cements were formulated containing different photoinitiator 
systems: Canforquinone (CQ)/EDMAB [ethyl 4-(dimethylamino)benzoate]; 
CQ/DMPOH [4-(N,N-dimethylamino) phenethyl alcohol]; CQ/DMAEMA 
[2(dimethylamino) ethyl methacrylate]; CQ/EDMAB + TPO [diphenyl(2,4,6-
trimethylbenzoyl)-phosphine oxide]; TPO or BAPO [phenylbis(2.4.6-
trimethylbenzoyl)phosphine oxide]. A spectrometer evaluated the light attenuation of 
a multiple-peak LED through ceramic veneers with different thicknesses: 0.4 mm; 0.7 
mm; 1.0 mm; 1.5 mm. The absorption of photoinitiators was obtained with a UV-Vis 
spectrophotometer. The tests were performed with or without the interposition of 
ceramic veneers with different thicknesses. The degree of conversion was obtained 
by micro-Raman spectroscopy. The color stability was evaluated by 
spectrophotometry before and after artificial aging of the resin cements. The flexural 
strength was performed. Data were analyzed by ANOVA and Tukey's test (α=0.05).in 
a universal test machine. Light attenuation was higher in the violet spectrum with all 
ceramic thicknesses. The resin cement containing BAPO presented the highest 
values for degree of conversion and flexural strength. The resin cement containing 
only TPO showed the lowest values for degree of conversion and flexural strength 
with 1.0 and 1.5 mm ceramic thicknesses. The resin cement with CQ + TPO showed 
values for degree of conversion and flexural strength similar to the resin cement 
containing only CQ/amine. The highest color change was observed in the cements 
containing CQ/EDMAB or CQ/DMAEMA. Lower values of color change occurred in 
the resin cements containing TPO. In the second part of the study, five etch-and-
rinse and five self-etch adhesives systems were formulated using different 
CQ/EDMAB and TPO ratios: 1CQ:0TPO; 3CQ:1TPO; 1CQ:1TPO; 1CQ:3TPO; 
0CQ:1TPO. A spectrometer evaluated the light attenuation of a multiple-peak LED 
through a ceramic venner with 0.5 mm in thickness associated with a resin cement 
layer with 0.3 mm in thickness.  The absorption of photoinitiators was obtained with a 
UV-Vis spectrophotometer. The tests were carried out with or without the 
interposition of the ceramic-cement resin set. The degree of conversion was obtained 
by micro-Raman spectroscopy. The cohesive and bond strengths of the adhesive 
systems were conducted in universal test machine. Data were analyzed by ANOVA 
and Tukey's test (α=0.05). Light attenuation was more evident in the violet spectrum 
with the interposition of the ceramic-resin cement set. The adhesives containing TPO 
from 75% showed the lowest values of degree of conversion when the restorative 
material was interposed. The adhesives containing up to 50% TPO had the highest 
values for degree of conversion, cohesive and bond strengths with restorative 
material interposed. Based on results of these studies, it can be concluded that the 
use of BAPO would improve physical and chemical properties of resin cements in 
indirect restorations. The partial replacement of CQ by TPO would increase color 
stability without compromising physical and chemical properties of resin cements. 
This association improves depth of cure and maintains the mechanical properties of 
the adhesives. 
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Os materiais resinosos são amplamente utilizados na Odontologia e, a 
maioria deles, precisa ser fotoativada de forma efetiva para garantir a qualidade 
necessária para que as restaurações diretas e indiretas tenham sucesso em longo 
prazo. Os fotoiniciadores são os agentes responsáveis pela absorção de luz e início 
da polimerização, a partir da formação de radicais livres (Chen et al., 2007).  
O fotoiniciador mais utilizado nos materiais odontológicos é a 
canforquinona (CQ), que possui em sua estrutura molecular um grupo cromóforo, 
que torna o material fotoativável, mas também lhe confere cor amarelada (Salgado 
et al., 2014). Além disso, por ser um sistema fotoiniciador Norrish tipo II, precisa de 
um co-iniciador como as aminas terciárias, para reagir e formar radicais livres 
(Neumann et al., 2006). As aminas têm ligações duplas que absorvem luz 
ultravioleta e conseguem atingir um alto grau de excitação. Assim, podem reagir com 
o oxigênio e formar centros de cores, que são sistemas conjugados capazes de 
aumentar a absorção da luz visível, principalmente na região azul do espectro 
eletromagnético, acentuando ainda mais o efeito amarelado no material. Dessa 
forma, apesar da alta aceitação clínica, materiais restauradores contendo o sistema 
CQ/amina podem apresentar alterações de cor com o passar do tempo (de Oliveira 
et al., 2015). 
Além das razões estéticas, outros fatores têm se mostrado limitadores 
para o uso de sistemas fotoiniciadores contendo CQ/amina. Os sistemas adesivos 
simplificados possuem monômeros hidrófilos e solventes associados a monômeros 
hidrófobos, por esse motivo podem apresentar separação de fases (Cadenaro et al., 
2010). A CQ por ser hidrófoba, quando adicionada a esses sistemas adesivos tem 
dificuldade em iniciar a polimerização, neste caso a camada adesiva formada se 
comporta como uma membrana permeável após a polimerização, permitindo que a 
água flua do substrato dentinário subjacente para o interior da camada adesiva (Tay 
et al., 2002; Wang et al., 2006). Outro problema gerado pela presença do sistema 
CQ/amina em sistemas adesivos simplificados é a neutralização da amina terciária, 
que pode ocorrer devido ao baixo pH dessas soluções, especialmente nos adesivos 
autocondicionantes de passo único (Cadenaro et al., 2010). Entre as aminas, a 
EDMAB (4-dimetilamino benzoato de etila) e a DMAEMA (dimetil aminoetil 
metacrilato) são as mais utilizadas nos materiais restauradores comerciais, porém a 
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EDMAB, por ser uma amina terciária aromática, possui maior facilidade em doar 
hidrogênio para a canforquinona, quando comparada à DMAEMA que é uma amina 
alifática (Teshima et al., 2003). No entanto, co-iniciadores alternativos têm sido 
sugeridos com o objetivo de melhorar as propriedades ópticas pela redução do efeito 
amarelado, sem comprometer a polimerização final do material (Schroeder et al., 
2006; Song et al., 2016). Entre eles, está a DMPOH (álcool dimetilamino feniletílico) 
que tem mostrado resultados de citotoxicidade e eficiência de cura similares à 
EDMAB (Oliveira et al., 2014; de Oliveira et al., 2015). 
No intuito de solucionar esses problemas associados aos sistemas 
CQ/amina, fotoiniciadores Norrish tipo I como o TPO (óxido mono-alquil fosfínico) e 
o BAPO (óxido bis-alquil fosfínico) têm sido sugeridos como uma alternativa ao 
sistema CQ/amina em materiais a base de resina. Esses fotoiniciadores não 
necessitam de uma amina como co-iniciador (Newmann et al., 2006) e, como 
resultado, reduzem o amarelamento em longo prazo nesses materiais sem 
prejudicar a polimerização e suas propriedades físicas (de Oliveira et al., 2015; 
Castellanos et al., 2018). Além disso, o uso do TPO em adesivos simplificados tem 
mostrado melhores resultados para grau de conversão e hidrofilicidade, quando 
comparado à CQ (Cadenaro et al., 2010; Pongprueksa et al., 2014).   
Ainda que resultados satisfatórios tenham sido obtidos com o uso dos 
fotoiniciadores alternativos (Cadenaro et al., 2010; Albuquerque et al., 2013; 
Pongprueksa et al., 2014; de Oliveira et al., 2016) deve-se considerar que, quando 
utilizados em restaurações indiretas, esses sistemas podem ter sua eficiência 
comprometida, levando em conta que diferenças na composição, espessura, índice 
de refração e opacidade dos materiais restauradores têm influência direta na 
atenuação da luz durante a fotoativação (Castellanos et al., 2018; Delgado et al., 
2018; Hardy et al., 2018). A atenuação da luz através de um mesmo material é maior 
quanto menor for o comprimento de onda no espectro visível (dos Santos et al., 
2008). Esse fato pode prejudicar a ativação dos fotoiniciadores do tipo I, pois 
geralmente absorvem luz nos espectros violeta (380-420nm) e ultra violeta, os quais 
apresentam comprimento de onda menor que o espectro azul (420-495nm), região 
de maior absorção da CQ (Newman et al., 2006). Sendo assim, cimentos resinosos 
contendo essa categoria de fotoiniciadores, quando fotoativados através de 
restaurações cerâmicas poderiam ter sua eficiência de cura reduzida, o que poderia 
influenciar diretamente suas propriedades mecânicas e também estabilidade de cor. 
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Apesar desta atenuação, a luz azul ainda é eficiente na fotoativação de 
materiais resinosos utilizados sob laminados cerâmicos (Oliveira et al., 2016; 
Delgado et al., 2018). No entanto, pouco se sabe sobre os efeitos da atenuação da 
luz violeta através desse tipo de restauração, principalmente em adesivos contendo 
fotoiniciadores alternativos. Restaurações com laminados cerâmicos muitas vezes 
exigem a fotoativação simultânea do adesivo e do cimento resinoso, já que a 
película de adesivo previamente polimerizada pode interferir na adaptação deste tipo 
de restauração. Nesta situação, a quantidade de energia que atinge a camada 
adesiva é um aspecto importante a se considerar. 
Portanto, o objetivo neste estudo foi avaliar o efeito da transmissão de luz 
através de materiais restauradores indiretos, utilizando um aparelho fotoativador 
multiple-peak, em propriedades físico-químicas de cimentos resinosos e sistemas 


























2.1 ARTIGO 1:  Effect of light attenuation through ceramic veneers on color 
stability and mechanical properties of resin cements containing different 
photoinitiator systems  
 
Running Title: Light attenuation effect on veneer restorations properties 
 
Clinical Relevance: The use of resin cements containing alternative photoinitiators 
to camphorquinone may be a viable strategy to improve the aesthetic aspect of 
restorations with ceramic veneers, but it is important for the clinician to know that 
caution should be taken to replace camphorquinone, to ensure that other properties 
of the material are not compromised . 
 
ABSTRACT 
Purpose: to evaluate the effect of light attenuation through ceramic veneers on 
degree of conversion (DC), flexural strength (FS) and color change (CC) of resin 
cements containing different photoinitiators. Methods and Materials: Experimental 
resin cements were made containing different photoinitiator systems: 
camphorquinone (CQ) / ethyl 4-(dimethylamino)benzoate (EDMAB); CQ / 4-(N,N-
dimethylamino) phenethyl alcohol (DMPOH); CQ / 2(dimethylamino) ethyl 
methacrylate (DMAEMA); CQ / ethyl 4-(dimethylamino)benzoate (EDMAB) + 
diphenyl(2,4,6-trimethylbenzoyl)-phosphine oxide (TPO); only TPO; or only 
phenylbis(2.4.6-trimethylbenzoyl)phosphine oxide (BAPO). Ceramic veneers were 
prepared with 10 x 10 mm and  0.4 mm, 0.7 mm, 1.0 mm or 1.5 mm thicknesses. The 
light irradiance of a multiple-peak LED through ceramic veneers (n=5) was measured 
using a spectrometer. Samples for DC and FS were made using or not ceramic 
veneers fixed to the curing light tip. The DC of resin cements was evaluated by a 
micro-Raman spectrometer (n=5). FS test was conducted in bar-shaped specimens 
(n=10). Color change was evaluated before and after UV artificial accelerate aging. 
Data were submitted to ANOVA and Tukey’s test (α=0.05). Results: The lowest 
values of light irradiance were observed for the violet spectrum through all ceramic 
thicknesses. BAPO had the highest values of DC with all ceramic veneers. CQ+TPO 
showed DC similar to CQ/EDMAB and CQ/DMPOH with all ceramic thicknesses. 
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TPO showed the lowest values of DC and FS from 1.0 mm ceramic thickness. 
CQ+TPO had FS similar to CQ/amine. The highest overall color changes ware 
observed in resin cements containing CQ/EDMAB and CQ/DMAEMA. BAPO and 
CQ/DMPOH showed similar color change between them. TPO showed the lowest 
yellowing after aging followed by CQ+TPO. Conclusions: The use of BAPO is an 
effective alternative to improve physical and chemical properties and the association 
of TPO with CQ reduced the color change and maintained the evaluated properties 
even with the interposition of ceramics veneers.  
Key-words: Dental Photoinitiator. Ceramics. Dental Cements. 
 
INTRODUCTION 
Adequate resin photo-polymerization is required for restorations to reach 
basic properties that are requirement for predictable long-term clinical success.1,2 
The responsible to absorbs light and initiates the polymerization is the photoinitiator3  
and the most widely used is the camphorquinone (CQ) Type 2 initiator system. After 
light absorption CQ reacts with a tertiary amine, to create free radicals and initiates 
the photopolymerization in the resin material.3,4 
Although amine used as co-initiator leads to acceleration of the 
polymerization process, it reacts with oxygen and reduces the materials’ color 
stability, due to the formation of color centers that increase the absorption of visible 
light causing yellowing in the material overtime.5,6 Furthermore, the bright yellow 
color of camphorquinone that is not completely utilized in photocuring process, 
contributes to the color change of restorations.7 Among the co-initiators, EDMAB 
[ethyl 4-(dimethylamino)benzoate] is a very popular in dental restorative materials 
due to its low basicity and high efficiency,8 but alternative co-initiators have been 
suggested in dental resins, with the aim of improving the optical properties by the 
reduction of yellowish effect, without compromise the final monomer conversion.9,10  
With the same purpose, Type 1 photoinitiators have been used to replace 
or act in association with CQ, such as diphenyl(2,4,6-trimethylbenzoyl)-phosphine 
oxide (TPO) and phenylbis(2,4,6-trimethylbenzoyl)phosphine oxide (BAPO).11,12 
These photoinitiators present high absorbancy and efficient quantum yields and are 
capable to generate free radicals by a direct cleavage process that does not require 
a co-initiator.4,13  
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Despite the satisfactory results obtained with these alternative 
photoinitiators and co-initiators regarding aesthetic properties and curing efficiency10-
13 the behavior of these components may be affected when used under indirect 
restorations. Differences in composition, thickness, shade and opacity of the indirect 
material influence directly the light attenuation during light activation of underlying 
resin cement.7Another factor that can affect the transmission of light is the 
wavelength emitted by the source unit. Previous studies showed that the light 
attenuation is higher as shorter wavelength of the light.12,14 This light attenuation may 
be a problem for Type I photoinitiators, since they usually absorb light in the violet 
spectrum that has a shorter wavelength (380-420nm) than the blue wavelength (420-
495nm), which is the region of greatest absorption of the CQ.4  
Therefore, the aim of this study was to evaluate the influence of light 
attenuation through ceramic veneers with different thicknesses on physical and 
chemical properties of experimental resin cements containing different photoinitiator 
systems. The research hypotheses tested were:  
1- The light transmittance will be attenuated by ceramic veneers 
regardless thickness and that will influence the degree of conversion of the 
experimental resin cements; 2- The photoinitiator system will influence the degree of 
conversion of resin cements; 3- The photoinitiator system and the interposition of 
ceramic veneers with different thicknesses will influence the color change of the resin 
cements. 
  
METHODS AND MATERIALS 
Experimental resin cement formulation 
Experimental resin cements formulations were mechanically blended 
using a centrifugal mixing device (SpeedMixer, DAC 150.1 FVZ- K, Hauschild 
Engineering, Hamm, North Rhine-Westphalia, Germany). The organic resin matrix 
consisted on 50wt% bisphenol glycidyl methacrylate (Bis-GMA - Sigma-Aldrich Inc., 
St Louis, MO, USA), 25wt% urethane dimethacrylate (UDMA - Sigma-Aldrich Inc.) 
and 25wt% triethylene glycol dimethacrylate (TEGDMA - Sigma-Aldrich Inc.). To 
these resin blends, different photoinitiators were added as described in Table 1. To 
each resin blend, 60wt% of filler particles was added, in which, 10wt% was 0.05 μm 
fumed silica (Aerosil OX50, Nippon Aerosil Co. Ltd., Yokkaichi, Tokyo, Japan) and 
50wt% was 0.7 μm BaBSiO2 glass (Esstech Inc., Essington, PA, USA). 
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Table 1 - Photoinitiator systems used in the light-cured resin cements. 
 
*Canforquinone (CQ); Diphenyl(2,4,6-trimethylbenzoyl)-phosphine oxide (TPO); Phenylbis(2.4.6-
trimethylbenzoyl)phosphine oxide (BAPO); Ethyl 4-(dimethylamino)benzoate (EDMAB); 4-(N,N-
dimethylamino) phenethyl alcohol (DMPOH); 2-(dimethylamino) ethyl methacrylate (DMAEMA). 
 
Ceramic specimen’s preparation 
Square-shaped ceramic specimens with 10 x 10 mm (0.4 mm, 0.7 mm, 1.0 
mm or 1.5 mm in thickness) were prepared using IPS Empress Esthetic (Ivoclar 
Vivadent, Schaan, Liechtenstein) shade ET2, following the manufacturer’s 
instructions (n=10). Wax patterns with 10 mm x 10 mm and 0.4 mm, 0.7 mm. 1.0 mm 
or 1.5 mm in thickness were confectioned. Five wax patterns were sprued at the 
same time in a ring base arranged in a turbine shape with a 45-60o angle and a 
distance of at least 3 mm between each individual wax pattern. The distance of at 
least 10 mm between the paper ring/ring gauge and the wax pattern was verified 
before investing with the IPS Empress Special Investment (Ivoclar Vivadent, Schaan, 
Liechtenstein). Then, the investment was carried out and, after the setting time, the 
ring gauge, the ring base and the paper ring were removed, and the investment rings 
were placed in a preheating furnace together with the IPS Empress Esthetic ingots. 
After preheating, the investment rings and the IPS Empress Esthetic ingots were 
removed from the furnace and, the preheated IPS Empress Esthetic ingots were 
placed in the preheated investment rings. Two IPS Empress Esthetic ingots were 
placed in each investment ring to avoid lack of material. Then, each investment ring 
was positioned at the center of the press furnace (EP600, Ivoclar Vivadent, Schaan, 
Liechtenstein) and processed. Hereafter, the investment ring was removed from the 
press furnace and cooled down to room temperature before divesting.  
 
Photoinitiator (PI)* Co-initiator (CI)* PI:CI Concentration Ratio Manufacturer 
CQ (166.22 g/Mol) EDMAB (193.98 g/Mol) 0.2 wt% : 0.2wt% Sigma-Aldrich Inc. St. Louis, MO, USA 




CQ DMAEMA (157.21 g/Mol) 0.2 wt% : 0.2wt% Sigma-Aldrich Inc.  
CQ + TPO EDMAB 0.1wt% + 0.2wt% : 0.1wt% Sigma-Aldrich Inc.  
TPO (348.37 g/Mol) ---- 0.4wt% : 0wt% Sigma-Aldrich Inc.  
BAPO (418.46 g/Mol) ---- 0.5wt% : 0wt% Sigma-Aldrich Inc.  
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Light attenuation analysis  
The curing light device used was the Bluephase G2 (Ivoclar Vivadent, 
Schaan, Liechtenstein) with a tip diameter of 10 mm. The output power (mW) of the 
light curing device was measured with a potentiometer (Ophir Optronics, Har-
Hotzvim, Jerusalem, Israel). Spectral distribution was obtained with a calibrated 
spectrometer (USB2000, Ocean Optics, Dunedin, FL, USA). Ceramic veneers of 
each thickness (0.4, 0.7, 1.0 or 1.5 mm) were fixed on output region of the curing 
light tip (n=5). The analysis was performed without ceramic as well, as a control 
group. The irradiance (mW/cm²) was determined by dividing the output power by the 
light tip area.15  
 
Absorption spectrophotometric analysis 
The absorption analysis of the photoinitiator systems was performed in a 
UV–Vis spectrophotometer (Thermo Scientific Evolution 201, Thermo Electron 
Scientific Instruments LLC, Madison, WI, USA).  Each photoinitiator and co-initiator 
was diluted in 1mL of triethylene glycol dimethacrylate (TEGDMA-Sigma-Aldrich 
Inc.). The spectra were collected using a quartz cell with a path length of 1 cm.10  
 
Degree of conversion (DC)  
Disc-shaped specimens of each resin cement with 10 mm in diameter and 
1 mm in thickness were made in rubber molds and light-cured for 20 seconds (n=5). 
This light-curing was done using or not a ceramic veneer of each thickness (0.4, 0.7. 
1.0 or 1.5 mm) fixed onto the output region of the curing light tip. Before and after 
polymerization, the specimens were transferred to a micro-Raman spectrometer 
(Xplora – Horiba Scientific, Tokyo, Japan) with a laser operating at a wavelength of 
785nm, 600 grooves/mm diffraction grating, 300μm pinhole aperture, and 100× 
objective. The absorption spectra of non-polymerized and polymerized experimental 
resin cements were recorded in the range from 1500cm-1 to 1800cm-1 with an 
acquisition time of 10s with the recorded spectra averaged over three successive 
measurements in distinct points. The DC calculations were performed by comparing 
the relative change of the aliphatic C=C peak at 1640 cm-1, and the aromatic C=C 
peak at 1608 cm−1, using the following equation: 
DC (%) = 100 × [1 − (R polymerized / R non-polymerized)], 
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Where, R represents the ratio between the absorbance peak at 1640 cm−1 
and 1608 cm−1. 
Flexural strength (FS)  
Bar-shaped specimens (7 mm length x 2 mm width x 1 mm thickness)16 of 
each experimental resin cement were made in rubber molds and photoactivated by 
the multiple-peak LED for 20 seconds, using or not a ceramic veneer (0.4, 0.7, 1.0 or 
1.5 mm) fixed on output region of the curing light tip (n=10). After polymerization, the 
specimens were removed from the molds and stored dry in light-proof containers at 
37ºC, for 24 hours. The three-point bending test was performed in a universal testing 
machine (Instron, Canton, USA – span between supports = 5 mm) at a cross-head 
speed of 0.5 mm/min. The maximum load recorded for the samples fracture was 
recorded in Newton (N) and the FS in Megapascal (MPa) was calculated using the 
following equation:  
FS = 3FL / (2BH2) 
Where: F was the maximum load (N) exerted on the samples; L was the 
distance (mm) between the supports; B was the width (mm) of the samples; and, H 
was the height (mm) of the samples.   
 
Color change (CC) 
For color change analysis (CC), disc-shaped specimens of each 
experimental resin cement with 10 mm in diameter and 1 mm in thickness were 
made in rubber molds and light-cured for 20 seconds with and without ceramic 
veneer of each thickness (n=5). CIELab co-ordinates (L, a, b) were recorded using a 
spectrophotometer (Vita Easyshade Advanced, VITA Zahnfabrik, Bad Säckingen, 
Baden-Württemberg, Germany) with a D65 illuminant. The analysis was performed 
for each experimental resin cement, before and after UV-light aging, using or not 
ceramic veneers (0.4, 0.7, 1.0, or 1.5 mm). The ceramics had the following values for 
CIELab co-ordinates (0.4 mm: L= 94.5, a= −0.6, b= 5.2; 0.7 mm: L= 97, a= −0.5, b= 
4.4; 1.0 mm: L= 100, a= −0.2, b= 3.7; 1.5 mm L= 100, a= −0.1, b= 1.6). A white 
background (L= 17.3; a= 1.8; b= 7.6) was used for all color measurements. After the 
initial measurement, all resin cement samples were UV-light aged for 120 hours 
using only the UV-B cycle exposure at 37oC, similar to that proposed in ISO 7491 
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(2000).17 To standardize the UV-light exposure, the specimens were placed at 10 cm 
distance from the UV-light (UV-B 313, Equilam, Diadema, SP, Brazil).18  
To evaluate color change, ΔE00 of each specimen was calculated using 
the following CIEDE2000 formula:19  
∆E00 = [(∆L/kL.SL)2 + (∆C/kC.SC)2 + (∆H/kH.SH)2 + RT.(∆C/kC.SC)×( 
∆H/kH.SH)]0.5, where ∆L, ∆C and ∆H are the differences in lightness, chroma and hue, 
and RT is a function (the so-called rotation function) that accounts for the interaction 
between chroma and hue differences in the blue region. The weighting functions, SL, 
SC, and SH are used to adjust the total color difference for variation in the location of 
the color difference pair in the L, a and b coordinates.  The parametric factors KL, KC, 
and KH, are correction terms for the experimental conditions, which were set to 1. 
 
Statistical Analysis 
The data were subjected to the Shapiro-Wilk test and DC, FS and CC data 
were analyzed using a two-way analysis of variance (ANOVA) and Tukey’s test 
(α=0.05). The two factors analyzed were the ceramic thickness (0.4 mm, 0.7 mm, 
1.0mm, 1.5 mm, and control) and the photoinitiator (CQ/EDMAB, CQ/DMPOH, 
CQ/DMAEMA, CQ/EDMAB+TPO, TPO, and BAPO). The light irradiance data were 
analyzed by one-way analysis of variance (ANOVA) and Tukey’s test (α=0.05). The 
factor analyzed was ceramic thickness (0.4 mm, 0.7 mm, 1.0mm, 1.5 mm, and 
control). Pearson correlation analysis was carried out to explore the relationship 





Figure 1 shows the transmittance (mW/cm2) and  the light attenuation (%) 
through the ceramic veneers with different thicknesses within the blue wavelength  
(420nm-495nm), violet wavelength (380nm-420nm) and overall multiple-peak 
emittance (violet and blue) from the Bluephase G2 LED. The factor “thickness” was 
significant for light irradiance (p=0.00001). With the increase of the ceramic thickness 
there was an increase in light attenuation. The lowest values of irradiance were 
observed for the violet spectrum through all ceramic thicknesses, being the highest 




Different letters indicate statistically significant difference among ceramic thicknesses in the same 
spectrum (p=0.00001). 
 
Figure 1 – Light transmittance (mW/cm2) and light attenuation (%) through the 
ceramic veneers within the different thicknesses. 
 
Absorption spectrophotometric of the photoinitiators 
Figure 2 shows the absorbance plot of the photoinitiators, CQ, BAPO and 
TPO. The CQ absorbed light within the blue spectrum with absorption peak at 468nm 
and TPO within the violet spectrum with peak absorption at 380nm. The BAPO 
presented UV absorption band, which extends up to 430nm in the visible 
spectrum.Figure 2- Camphorquinone (CQ), phenylbis(2.4.6-
trimethylbenzoyl)phosphine oxide (BAPO) and diphenyl(2,4,6-trimethylbenzoyl)-
phosphine oxide (TPO) absorbance into 360-560nm spectra. 
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Absorption spectrophotometric of the co-initiators  
Figure 3 shows the absorbance plot of the co-initiators, DMAEMA, 
EDMAB and DMPOH. DMAEMA had the lowest absorption within UV spectrum while 



















Figure 3- Ethyl 4-(dimethylamino)benzoate (EDMAB), 4-(N,N-dimethylamino) 
phenethyl alcohol (DMPOH) and 2-(dimethylamino) ethyl methacrylate (DMAEMA) 
absorbance into 200-600nm spectra. 
 
Degree of conversion (DC) 
Table 2  shows the DC means and standard deviation for the experimental 
resin cements photoactivated through ceramic veneers with different thicknesses. 
ANOVA showed that the interaction between “photoinitiator” and “ceramic thickness” 
factors was significant for DC values (p=0.001). The resin cement containing only 
TPO showed a reduction in DC from 0.4 mm thickness, being this reduction higher 
than the other groups and more evident with the interposition of 1.0 mm and 1.5 mm 
thicknesses. The resin cements containing CQ/EDMAB, CQ/DMAEMA or CQ+TPO 
had a reduction in DC similar among them and it occurred from 0.7 mm thickness. 
However, CQ/DMPOH showed a reduction in DC from 1.0 mm thickness. The resin 
cement containing BAPO presented the highest values of DC with all ceramic 




Table 2 - Degree of conversion means (± standard deviation) for the tested 
experimental resin cements with different photoinitiator systems photoactivated 
through ceramic veneers with different thicknesses. 
Different capital letters in row and small letter in column indicate statistically significant difference 
(p=0.001). 
 
Flexural strength (FS)  
The interaction between “photoinitiator” and “ceramic thickness” factors 
was significant for FS values (p=0.0001). Table 3 shows that all experimental resin 
cements showed a reduction in FS from 0.7 mm thickness. The resin cement 
containing BAPO presented the highest values, except for 0.4 mm thickness, where 
did not differ from TPO, CQ+TPO and CQ/EDMAB. CQ/amine and CQ+TPO resin 
cements presented similar results among them in all thicknesses. TPO had the 
lowest values from 1.0 mm thickness. 
 
Table 3- Flexural strength means (± standard deviation) for the tested experimental 
resin cements with different photoinitiator systems photoactivated through ceramic 
veneers with different thicknesses. 





 Degree of Conversion (%) 
Material Control 0.4 mm 0.7 mm 1.0 mm 1.5 mm 
CQ/EDMAB 68.9 ± 0.3 Ac 68.3 ± 0.7 Ab 64.6 ± 1.2 Bb 61.4 ± 2.6 Bbc 54.8 ± 2.9 Cb 
CQ/DMPOH 67.7± 0.6 Ac 67.8 ± 2.3 Ab 63.8 ± 0.3 ABb 62.5 ± 1.4 Bb 54.7 ± 2.7 Cb 
CQ/DMAEMA 62.7± 0.6 Ad 62.9 ± 1.0 Ac 58.1 ± 2.04 Bc 57.2 ± 1.4 Bc 51.9 ± 0.9 Cb 
CQ+TPO 70.3 ± 1.3 Ab 69.8 ±1.5 Ab 60.4 ± 3.4 Bbc 59.0 ± 2.0 Bbc 52.1 ± 2.6 Cb 
TPO 73.5 ± 1.4 Aab 68.8 ± 2.9 Bb 58.0 ± 1.9 Cc 48.8 ± 2.4 Dd 45.7 ± 2.9 Dc 
BAPO 76.6 ± 0.7 Aa 75.5 ± 1.2 Aa 74.67± 1.5 Aa 73.8 ± 1.5 Aa 67.0 ± 1.1 Ba 
 Flexural strength (MPa) 
Material Control 0.4 mm 0.7 mm 1.0 mm 1.5 mm 
CQ/EDMAB 117.4 ± 8.1 Ab 116.8 ± 7.3 Aab 113.6 ± 6.1 Bb 97.0 ± 5.8 BCb 89.7 ± 4.4 Cb 
CQ/DMPOH 117.1 ± 8.4 Ab 116.0 ± 6.7 Ab 104.3 ± 7.0 Bb 98.7 ± 5.5 Bb 88.5 ± 4.1 Cb 
CQ/DMAEMA 115.8 ± 5.3 Ab 110.6 ± 6.6 Ab 100.2 ± 5.7 Bb 97.5 ± 4.0 Bb 86.2 ± 5.8 Cb 
CQ+TPO 120.9 ± 4.6 Ab 117.1 ± 8.4 Aab 97.9 ± 5.8 Bbc 94.7 ± 6.7 Bb 86.0 ± 6.6 Cb 
TPO 120.9 ± 4.3 Ab 114.9 ± 8.4 Aab 90.9 ± 7.2 Bc 79.7 ± 4.2 Bc 65.8 ± 7.7 Cc 
BAPO 131.0 ± 4.1 Aa 125.6 ± 6.5 ABa 118.0 ± 7.7 Ba 116.7 ± 4.0 Ba 99.8 ± 4.5 Ca 
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Color change (CC) 
Figure 4 shows the overall color change (ΔE00) for all experimental resin 
cements photoactivated through ceramics with different thickness. ANOVA showed 
that the interaction between “ceramic thickness” and “photoinitiator” had significant 
effect on ΔE00 (p=0.0001). In the control group, the resin cements that presented the 
highest color change were those containing CQ/EDMAB and CQ/DMAEMA. TPO 
showed the lowest color change in the control group followed by CQ+TPO. All resin 
cements had no reduction in color change when compared to 0.4 mm to 0.7 mm 
thicknesses, but different from the control group. There was a reduction in values 
from 1.0 mm thickness which remained until 1.5 mm for all resin cements. The lowest 
values of color change were observed for TPO with 1.5 mm ceramic thickness. 
 
 
Different capital letters indicate statistically significant difference among ceramic thickness and small 
letters among resin cements (p=0.0001). 
 
Figure 4 – ΔE00 for each experimental resin cement in different thickness of ceramic. 
 
Figure 5 shows the change in L* coordinate (ΔL: + L = white, −L = black) 
for resin cements photoactivated through ceramics with different thickness. The 
interaction between the factors “ceramic thickness” and “photoinitiator” was 
significant for ΔL values (p=0.0001). All resin cements showed change in negative 
axis of the L* coordinate (-L= black). In the control group and under all ceramic 
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thicknesses, the resin cements containing only CQ or BAPO had the highest change. 
From the 0.4 mm thickness there was a reduction for all materials. Among the 1.0 
mm and 1.5 mm thicknesses there was no difference in the L* coordinate change. 
The resin cements containing only TPO presented the lowest change with all 
ceramics thicknesses, followed by CQ+TPO. 
 
 
Different capital letters indicate statistically significant difference among ceramic thickness and small 
letters     among resin cements (p=0.0001). 
 
Figure 5 – ΔL for each experimental resin cement in different ceramic thicknesses. 
 
 
Figure 6 shows the change in a* coordinate (Δa: + a = red, -a = green) for 
all resin cements photoactivated through ceramics with different thicknesses. The 
two-way ANOVA for Δa demonstrated that the interaction between “ceramic 
thickness” and “photoinitiator” was significant (p=0.0001). In the control group all 
resin cements presented change in the negative axis of the a* coordinate (-a=green) 
and the highest change was observed in the resin cement containing only TPO. TPO 
and CQ+TPO presented reduction in color change under 0.4 mm and 0.7 mm 
thickness. From 0.4 mm, the resin cements containing only CQ or BAPO presented 
change in the positive axis of the a* coordinate (+ a = red).  From 1.0 mm thickness, 
all groups presented change in the positive axis, being the highest change observed 








Different capital letters indicate statistically significant difference among ceramic thickness and small 
letters among resin cements (p=0.0001). 
 
Figure 6 – Δa for each experimental resin cement in different thicknesses of ceramic. 
 
 
Figure 7 shows the change in b* coordinate (Δb: + b = yellow, -b = blue) for 
experimental resin cements photoactivated through ceramics with different 
thicknesses. The analysis of variance revealed that the interaction between “ceramic 
thickness” and “photoinitiator” had significant effect on Δb (p=0.0001). In control 
group and with all ceramic thicknesses, the resin cements containing CQ/EDMAB or 
CQ/DMAEMA had the highest values, followed by the resin cement containing 
CQ/DMPOH or BAPO. The lowest changes in b* coordinate in the control group and 













Different capital letters indicate statistically significant difference among ceramic thickness and small 
letters among resin cements (p=0.0001). 
 
Figure 7 – Δb for each experimental resin cement in different thicknesses of ceramic. 
 
 
Pearson correlation analysis 
Figure 8 shows that the interposition of ceramic veneers with different 
thicknesses had a negative linear relationship with ΔE00, with all  resin cements 
evaluated. With the increase of the ceramic veneer thickness there was a inversely 




Figure 8 – Pearson correlation between ΔE00 and ceramic thickness for each 
experimental resin cement. 
 
DISCUSSION 
The first research hypothesis that the light transmittance would be 
attenuated by ceramic veneers regardless thickness and that would influence the 
degree of conversion of the experimental resin cements, was accepted. Figure 1 
showed that there was an overall attenuation in light transmission of 72% when a 
ceramic veneer with 1.5 mm in thickness was interposed. Within the blue spectrum 
the attenuation was lower than within the violet spectrum, which had a reduction of 
85% in the light transmittance, while within blue, 68%.  
The light scattering through the ceramic is directly related to wavelength 
emitted by the light source.20 The ratio (R) between wavelength (λ) and the light 
scattering is given by the formula R = 1 / λ4, in other words, for the same material the 
smaller the wavelength, the higher is the light scattering.21 Therefore, violet light 
presents low penetration capacity in restorative dental materials.22 The ceramic used 
in this study is reinforced by leucite crystals (35 ± 5 vol%) and the higher the 
crystalline content and the ceramic thickness, the higher is the light scattering and 
absorption of the light by the material, therefore ceramics with higher glass content 
and lower thickness may generate less attenuation.22,23 Moreover, of the overall 
amount of light transmitted by the multiple-peak LED Bluephase G2, 78% 
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corresponds to blue spectrum and only 22% to violet. All these factors may contribute 
to the lack of sufficient energy to trigger the polymerization in the material that is 
below the indirect restoration. 
As could be observed in Table 2, the DC of experimental resin cements 
evaluated was reduced when the ceramic veneers were interposed. Consequently, 
there was a reduction in FS as observed in Table 3. This property is directly related 
to the degree of conversion and the amount of energy absorbed.24 Previous studies 
also showed reduction in DC and mechanical properties of light-cured resin cements 
under ceramic restorations, 15,25 probably due to the alteration in kinetics of 
conversion and in type of polymer formed. However, despite the differences among 
type and color of materials, as well as type of light curing unit used in these studies, it 
is well known that indirect restorations thickness will influence in any way the 
mechanical properties of light-cured resin cements.15,25-27 
In addition, a suitable polymerization also depends on the absorption of 
light by the photoinitiators. Different photoinitiators systems absorb light at different 
wavelengths.4 As shown in Figure 2, CQ absorbs light in the blue spectrum and TPO 
only in the violet spectrum. The absorption of BAPO occurs in UV range and extends 
until 430nm of visible spectrum. Thus, it is expected that these different 
photoinitiators influence the properties of resin cements in different ways. The 
experimental resin cement containing only TPO showed the lowest values for DC 
and FS with the thicker ceramics. Thus, the second hypothesis that the photoinitiator 
system would influence the degree of conversion of resin cements was also 
accepted. Previous studies have also observed this reduction in the properties of 
resin cements containing TPO with different ceramic thicknesses.15,25 In spite of the 
marked reduction in the degree of conversion of TPO under ceramic veneers, in the 
control group the resin cements containing TPO or BAPO had higher values when 
compared to the groups containing CQ/amine. It occurred because in addition to the 
amount of light absorbed by the photoinitiator system, the efficiency of the 
photoexcitation in each photoinitiator should also be considered.4  
TPO and BAPO are Type I photoinitiators and have higher efficiency in 
free radicals generation than CQ. The absorption of light energy by BAPO leads the 
molecule to the cleavage of the C-P bond, which may occur twice, with the ability to 
generate four free radicals per molecule,28,29 while TPO may generate two and CQ 
only one free radical.30 Also, BAPO and TPO have higher molar absorptivity than CQ, 
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which means that those compounds absorb more light than CQ at the corresponding 
maximum absorption peak.30 The association of these factors explains the higher 
values of degree of conversion for the experimental resin cements containing TPO or 
BAPO, without ceramic veneer. In addition, the experimental resin cement containing 
BAPO presented the highest values for FS in the control group, without ceramic, and 
with all ceramic thicknesses. Despite the attenuation of violet light by the ceramic 
veneer interposed, BAPO has capacity to absorb light in a wide range and this 
characteristic combined with the greater reactivity might guaranteed the amount of 
energy required to obtain an adequate polymerization. Although it presented lower 
values than resin cements with BAPO, the association of CQ to TPO allowed the 
absorption in the blue and violet spectrum, leading the resin cements containing 
these two photoinitiators to maintain the values of degree of conversion and 
mechanical properties similar to the groups containing CQ/amine, even with the 
interposition of ceramic veneers. Previous study has observed synergism in the 
association of CQ and TPO.12   
Among the resin cements containing CQ, the one with CQ/DMAEMA 
showed relatively lower degree of conversion values, even used in same molar 
concentration (1:1 CQ/amine molar ratio). This may have been due to the fact that 
the DMAEMA is an aliphatic amine and the aliphatic amines are less reactive than 
the aromatic ones, such as EDMAB and DMPOH.31 The degree of conversion of 
resin composites containing different co-initiators were previously evaluated by de 
Oliveira et al., 201610 and lower values of DC for CQ/DMAEMA were observed when 
compared to EDMAB or DMPOH. The explanation is that the lower reactivity of 
DMAEMA occurs due to its nucleophilicity, which is its ability to donate electrons to 
CQ to form a chemical bond. This ability depends on the chemical structure of the 
amines that is, the fewer the C=C, the lower is the reactivity. Another factor that 
contributes to the lower reactivity of DMAEMA is its polymerizable group. This group 
causes a reduction in its mobility as the conversion develops, since free aromatic 
amines like EDMAB and DMPOH show higher diffusion during the polymerization.10  
The third hypothesis that the photoinitiator systems and the interposition of 
ceramic veneers with different thicknesses would influence the color change of the 
experimental resin cements was accepted. As could  be observed in Figure 4, the 
resin cements containing TPO had the highest color stability, probably due to the fact 
that this photoinitiator has higher molar extinction coefficient than the others. This 
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makes TPO to have greater consumption of the molecule than CQ and BAPO.11,29,30 
But the color change was attenuated in all groups with the interposition of ceramic 
veneers, which is in agreement with previously studies.15,25 The correlation between 
ceramic veneers thickness and color change (ΔE00) is shown in Figure 8, where the 
Pearson correlation presented that color change is inversely proportional to the 
ceramic veneers thickness for all resin cements evaluated. What means that with 
thicker ceramic veneers the color change of resin cement could be less perceived. 
To better understand the overall color change a detailed analysis of the different 
coordinates is important, as follows. 
Figure 5 shows that all evaluated materials had a darkening effect after 
aging. This effect was less evident in the resin cements containing TPO. However, 
with the increase of the ceramic thickness (which has the following values for L* 
coordinate, 0.4mm: L= 94.5; 0.7mm: L= 97; 1.0mm: L= 100; 1.5mm: L= 100), the 
darkness effect was attenuated. As the ceramic presents high values for the L* 
coordinate, it could promote more lightness to the ceramic veneer restoration, mainly 
for resin cements containing TPO. 
Regarding Δa, Figure 6 shows that outcomes ranged from negative (−a= 
green) to positive values (+a= red), indicating that all groups showed a reddish effect 
with the increase in thickness of the interposed ceramic veneer. It could be occurred 
because as the thickness of the ceramic increased, the values of the a* coordinate 
became less negative (0.4mm: a= −0.6; 0.7mm: a= −0.5; 1.0mm: a= −0.2; 1.5mm: a= 
−0.1) and tended more towards red. The resin cements that had higher tendency for 
the positive axis of the a* coordinate, were those that also presented higher yellowing 
after aging (Figure 7). This result could be related to the proximity of the colors yellow 
and red in the electromagnetic spectrum.11,32  
In this study, after the accelerated aging, all experimental resin cements 
presented a yellowing effect (Δb: +b= yellow; -b= blue). CQ/EDMAB and 
CQ/DMAEMA showed the highest values for b* coordinate with or without ceramic 
veneers (Figure 7). One of the reasons for this result is that the non-reacted amines 
have double-bonds that absorb UV-light and reach elevated energy states. 
Therefore, these molecules can react with non-reacted monomers or impurities and 
form more color centers.6,10 As can be seen in Figure 3, EDMAB had higher 
absorption in the UV-B range when compared to the other amines. DMAEMA 
although had having lower absorption in the UV-B spectrum, was the one with the 
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lowest conversion degree. This fact suggests the presence of a greater amount of 
unreacted amine in the material, which would lead to higher oxidation of the amine 
and greater color change10. DMPOH had DC values similar to EDMAB but had lower 
UV-B absorption. Therefore, it can be the reason for the lowest yellowing among the 
experimental resin cements containing only CQ.  
The resin cements containing TPO or BAPO also presented yellow effect 
after artificial aging, because the non-reacted molecules of these photoinitiators are 
UV sensitive and can be cleaved, the radicals formed have their mobility impeded, 
due to the polymer vitrification, and stay trapped in the structure.10 Therefore, similar 
to what occurs with amines, these molecules can react with non-reacted monomers 
or impurities and form color centers or chromophores, contributing to the color 
change of the material.10 BAPO showed values similar to CQ/DMPOH. This study is 
in accordance with previous studies that observed BAPO with degree of yellowing 
close to CQ immediately after light-cure and also after aging.11,13,33,34 However, TPO 
has lower yellow degree when compared to BAPO and CQ, which is probably due to 
the higher TPO molar absorption coefficient, which leads to more molecules 
consumption during the polymerization reaction.11,29,30  
The interposition of ceramic veneers caused a reduction in Δb for all 
experimental resin cements due to the low values of the b* coordinate for the 
ceramics, especially with the highest thickness (0.4 mm: b= 5.2, 0.7 mm: b= 4.4, 1.0 
mm: b= 3.7; 1.5 mm: b= 1.6). The ceramic veneers masked the yellow effect caused 
by the resin cement and provided more aesthetic restorations, mainly in resin 
cements containing TPO. 
The use of TPO combined to CQ caused a reduction in color change when 
compared with CQ/amine or BAPO. This means that this association in addition to 
having improved mechanical properties, as seen in this study, also promoted greater 
color stability for the material. These results show that the association of these 
photoinitiators is an option to combine aesthetics and adequate mechanical 
properties in indirect ceramic restorations. Another alternative is the use of DMPOH 
as co-initiator of CQ, this photoinitiator system promoted similar mechanical 
properties, but less yellow effect and higher color stability then the others co-
initiators.  Also, the use of BAPO presented satisfactory results of curing efficiency 
and mechanical properties under all ceramic thicknesses and had overall color 
change and yellow effect similar to CQ/DMPOH, which increases the possibility of its 
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use in aesthetic restorations. On the other hand, TPO alone presented great 
aesthetic results, but with thicker ceramic veneers its performance was not 




Based on the results obtained in this study, it can be concluded that: 
- The light irradiance was attenuated through the ceramic veneers 
mainly in violet spectrum. This attenuation directly affected cure 
efficiency and mechanical properties of resin cements containing only 
TPO with ceramics from 1.0mm in thickness. However, BAPO and 
CQ/amine were not so affected by the interposition of ceramic veneers. 
- The resin cements containing BAPO or CQ/amine demonstrated lower 
color stability than those with TPO. Nevertheless, the association of 
TPO to CQ in resin cements improved the color stability without 
compromise cure efficiency and mechanical properties with ceramics 
up to 1.5mm in thickness. 
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2.2 ARTIGO 2: Effect of light attenuation through ceramic veneers on bond 
strength of dental adhesives containing different combinations of 
photoinitiator systems 
Artigo submetido ao periódico Journal of Adhesive Dentistry (Anexo 2) 




Purpose: To evaluate the effect of light attenuation through ceramic veneers and 
resin cement on the degree of conversion (DC), cohesive strength (CS), and 
microshear bond strength (μSBS) of experimental adhesives systems. Materials and 
Methods: Experimental etch-and-rinse and self-etch adhesives were associated with 
different ratios of photoinitiators: CQ-only; 3CQ:1TPO; 1CQ:1TPO; 1CQ:3TPO and 
TPO-only. Ceramic veneers were prepared with dimensions of 10-mm x 10-mm and 
0.5-mm in thickness (n=10). Resin cement specimens were made with dimensions of 
10-mm x 10-mm and 0.3-mm in thickness (n=10). The light transmittance of a 
multiple-peak LED through the ceramic veneer and the resin cement was measured 
using a spectrometer (n=5). Adhesive specimens were analyzed for DC, CS, and 
μSBS by light curing the adhesive with or without a ceramic veneer and resin cement 
fixed to the output of curing light tip (n=10). Data were submitted to ANOVA and 
Tukey’s test (α=0.05). Results: Light transmittance through the restorative materials 
was attenuated, regardless of the wavelength. The DC for groups with TPO in ratios 
up to 1CQ:1TPO were similar to the control. The 1CQ:3TPO adhesive showed lower 
values for CS. The μSBS was reduced for all groups with the light attenuation, but 
lower values were observed for 1CQ:3TPO and TPO-only. Conclusion: The light 
transmission was reduced with the interposition of ceramic veneer and resin cement. 
Adhesives with the association of CQ and TPO up to 1CQ:1TPO showed greater 
cure efficiency and mechanical properties when compared to adhesives with a higher 
amount of TPO.  
Key-words: Dental photoinitiators. Ceramics. Adhesives. 
 
INTRODUCTION 
The contemporary simplified adhesive systems (two-step etch-and-rinse 
and one-step self-etch) have combined hydrophilic primers with hydrophobic 
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dimethacrylates. There are also solvents in those systems to increase hydrophilicity, 
penetrability, and polymerization; which usually is carried out in the presence of 
moisture.19,35 Camphorquinone (CQ) and tertiary amine co-initiators (such as ethyl 4-
dimethylaminobenzoate, EDMAB) are the most common photo-initiating systems 
used in dental adhesives and composites.7 However, CQ is relatively hydrophobic 
and has difficulties in initializing polymerization of water-soluble monomers, such as 
HEMA in aqueous solutions.37 This fact has led to nano-phase separation where the 
adhesive layer behaves as a permeable membrane after polymerization. Thus, it 
allows water to flow from the underlying dentin substrate to the top of the adhesive 
layer.34 Additionally, the low pH, especially for the one-step self-etch adhesives, may 
neutralize the tertiary amine by an acid-base reaction.26 
Therefore, as an alternative photoinititiator to CQ/amine in adhesive 
systems, diphenyl(2,4,6-trimethylbenzoyl) phosphine oxide (TPO) has been 
studied.22,25,29,37 TPO is a Type I photoinitiator and does not require an amine-based 
co-initiator to generate free radicals, as occurs with CQ. This “amine-free” 
photoinitiator generates free radicals by a direct cleavage process.27 
It has been shown that TPO may be a more desirable photoinitiator in 
hydrophilic adhesives due to its higher curing efficiency in water-containing 
experimental adhesives.7 Studies have demonstrated the advantage of TPO over CQ 
regarding cure efficiency, hydrophilicity, and color stability.7,8,11,29 However, no 
studies have evaluated the behavior of adhesive systems containing TPO 
photoactivated under ceramic restorations fixed with resin cement. Ceramic veneers 
often require the photoactivation of the adhesive at the same time as the resin 
cement, because a previously polymerized adhesive film may interfere with the 
adaptation of this type of ceramic restoration. In this situation, the amount of energy 
that reaches the adhesive layer is an important aspect to consider. 
It has been proven that light attenuation occurs through ceramic 
veneers.4,8,9 This attenuation is affected by ceramic thickness, shade, intrinsic 
porosity, and crystalline structure. The characteristics of resin cements, such as 
composition, filler size, and differences in refractive index among the components, 
can interfere with light transmittance.5,15 Other factors to consider are the light 
absorption of the photoinitiators. proved recent study showed that smaller 
wavelengths present greater light attenuation through the same material.11,13 Due to 
this finding, TPO could have its activation impaired, since it has an absorption range 
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in the violet wavelength at 380-420nm, which is shorter than the CQ absorption 
range (420-495nm).27 The blue light is attenuated through ceramic veneers, although 
the light intensity delivered to the underlying material is typically sufficient for light 
curing.9,28 
Therefore, the aim of this study was to evaluate the influence of blue and 
violet light transmittance through a ceramic veneer and resin cement on the degree 
of conversion, cohesive strength, and microshear bond strength of experimental 
etch-and-rinse and self-etch adhesive systems containing two different 
photoinitiators, alone or in different ratios. The research hypotheses tested were: 1- 
The interposition of ceramic veneer and resin cement layers will influence light 
transmittance to the adhesive layer; 2- The interposition of ceramic veneer and resin 
cement layers will affect cure efficiency, cohesive strength, and bond strength of the 
adhesive system layer. 3- The use of different photoinitiator systems will affect cure 
efficiency, cohesive strength, and bond strength. 
 
MATERIALS AND METHODS 
Adhesive systems manipulation 
Experimental three-step etch-and-rinse and two-step self-etch adhesive 
systems were formulated. Table 1 lists the monomers and solvents used in the 
experimental primers and bonds of the etch-and-rinse and self-etch adhesives, 
respectively. The primer monomers of each type of adhesive system (etch-and-rinse 
and self-etch) were blended using a centrifugal mixing device (SpeedMixer, DAC 
150.1 FVZ- K, Hauschild Engineering, Hamm, North Rhine-Westphalia, Germany). 
The solvents were then added to each blend according to the percentages described 
in Table 1. The bond monomers of each type of adhesive system were also blended 
using a centrifugal mixing device. Thereafter, the different molar concentrations of 
CQ-amine (1:1) and TPO were added as described in Table 2. The association ratios 
of photoinitiators were:  CQ-only (100%); 3CQ:1TPO (75%:25%); 1CQ:1TPO 












Table 1 – Monomers and solvents used to formulate the experimental etch-and-rinse 










GDMA 15 Esstech Inc. (Essington, PA, USA) 
HEMA 10 Sigma Aldrich (St. Louis, MO, USA) 
UDMA 10 Sigma Aldrich 
TEGDMA 10 Sigma Aldrich 




UDMA 35 Sigma Aldrich 
BisEMA 45 Esstech Inc. 
TEGDMA 10 Sigma Aldrich 
GDMA 10 Esstech Inc. 




GDMA-P 15 Synthetized as previously described23 
HEMA 10 Sigma Aldrich 
UDMA 10 Sigma Aldrich 
TEGDMA 10 Sigma Aldrich 




UDMA 35 Sigma Aldrich 
BisEMA 45 Esstech Inc. 
TEGDMA 10 Sigma Aldrich 
GDMA-P 10 Synthetized as previously described23 
*Glycerol dimethacrylate  (GDMA); Hydroxyethyl methacrylate (HEMA); Urethane dimethacrylate 
(UDMA); Triethylene glycol dimethacrylate (TEGDMA);  Ethoxylated bisphenol-A dimethacrylate 
(BisEMA); 1,3 glycerol dimethacrylate phosphate (GDMA-P). 
 







CQ EDMAB TPO 
CQ-only 1:0 0.15 0.15 0 
3CQ:1TPO 3:1 0.1125 0.1125 0.0625 
1CQ:1TPO 1:1 0.075 0.075 0.125 
1CQ:3TPO 1:3 0.0375 0.0375 0.1875 
TPO-only 0:1 0 0 0.25 
*Canforquinone (CQ); Ethyl 4-(dimethylamino)benzoate (EDMAB); Diphenyl(2,4,6-trimethylbenzoyl)-
phosphine oxide (TPO). 
 
 
Ceramic specimen preparation 
Square-shaped ceramic specimens simulating ceramic veneer restorations 
with dimensions of 10 mm x 10 mm and 0.5 mm in thickness were fabricated using 
IPS Empress Esthetic (Ivoclar Vivadent, Schaan, Liechtenstein) shade ET2, following 
the manufacturer’s instructions (n=10). Wax patterns of 10 mm x 10 mm and 0.5 mm 
in thickness were prepared. Five wax patterns were sprued at the same time in a ring 
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base arranged in a turbine shape at a 45-60o angle and a distance of at least 3 mm 
between each individual wax pattern. The distance of at least 10 mm between the 
paper ring/ring gauge and the wax pattern was verified before investing with IPS 
Empress Special Investment (Ivoclar Vivadent, Schaan, Liechtenstein). Then, the 
investment was carried out and, after the setting time, the ring gauge, the ring base 
and the paper ring were removed. The investment rings were placed in a preheating 
furnace, along with the IPS Empress ingots. After preheating, the investment rings 
and the IPS Empress ingots were removed from the furnace and the preheated IPS 
Empress ingots were placed in the preheated investment rings. Two IPS Empress 
ingots were placed in each investment ring to avoid lack of material. Then, each 
investment ring was positioned at the center of the press furnace (EP600, Ivoclar 
Vivadent, Schaan, Liechtenstein) and processed. Upon completion of heating, the 
investment ring was removed from the press furnace and cooled down to room 
temperature before divesting.  
 
Preparation of resin cement layer specimens 
Square-shaped specimens of resin cement layers (Variolink Esthetic LC, 
shade light+, Ivoclar Vivadent, Schaan, Liechtenstein) with dimensions of 10 mm x 
10 mm and 0.3 mm in thickness were made using rubber molds. Each resin cement 
specimen was photoactivated for 20s (n=10).  
 
Light transmittance analyses 
The multiple-peak LED Bluephase G2 (Ivoclar Vivadent, Schaan, 
Liechtenstein) with a 10 mm diameter tip was used for the current study. The output 
power (mW) was measured using a calibrated potentiometer (Ophir Optronics, Har-
Hotzvim, Jerusalem, Israel). Light irradiance (mW/cm²) was determined by dividing 
the output power by the tip area. The spectral distribution was obtained using a 
calibrated spectrometer (USB2000, Ocean Optics, Dunedin, FL, USA). Irradiance 
and spectral distribution data were integrated using Origin 6.0 software (OriginLab 
Northampton, MA, USA). A ceramic veneer specimen and resin cement layer 
specimen were fixed to the tip of the multiple-peak LED to measure light attenuation 
(n=5). The same analysis was also performed without the interposition of the ceramic 





Absorption spectrophotometric analyses 
The absorption of each photoinitiator (CQ and TPO) in the 340-540 nm 
wavelength range was obtained by spectrophotometric analysis using a UV-Vis 
spectrophotometer (Thermo Scientific Evolution 201, Thermo Electron Scientific 
Instruments LLC, Madison, WI, USA). For this, 0.001 g of each photoinitiator was 
diluted in 1 mL of triethylene glycol dimethacrylate (Sigma-Aldrich, St. Louis, MO, 
USA). The spectra were collected using a quartz cell with a path length of 1 cm.10 
 
Degree of Conversion (DC) 
Prior to sample preparation, 2 ml of primer was dispensed into a dark 
eppendorf and the solvent was evaporated using light air jets for 20 seconds, then 2 
ml of bond was added to the primer and mixed. For DC analysis, disc-shaped 
specimens of each adhesive system with dimensions of 10 mm in diameter and 1 
mm in thickness were made in rubber molds and photoactivated for 20s (n=5). This 
light curing was done using or not (control) the ceramic veneer (0.5 mm) and the 
resin cement layer (0.3 mm) fixed onto the output region of the curing light tip. Before 
and after polymerization, the specimens were immediately transferred to a micro-
Raman spectroscope (Xplora – Horiba Scientific, Tokyo, Japan) with a laser 
operating at a wavelength of 785nm, 600 grooves/mm diffraction grating, 300 μm 
pinhole aperture, and 100× objective. The absorption spectra of non-polymerized and 
polymerized experimental adhesives were recorded in the range from 1500 cm-1 to 
1800 cm-1 with an acquisition time of 10s with the recorded spectra averaged over 
three successive measurements at distinct points. The DC calculations were 
performed by comparing the relative change of the aliphatic C=C peak at 1640 cm-1, 
and the aromatic C=C peak at 1608 cm−1, using the following equation:  
DC (%) = 100 × [1 − (R polymerized / R non-polymerized)], 
Where, R represents the ratio between the absorbance peak at 1640 cm−1 
and 1608 cm−1. 
  
Cohesive Strength (CS)  
The samples for the CS analysis were prepared as described for the DC 
analysis (n=10), but using rubber molds (Odeme, Luzena, SC, Brazil) with 
standardized dimensions (10 mm in length x 3.5 mm width x 1.5 mm in thickness in 
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the region of constriction). After preparation, the specimens were immediately 
transferred to a semi-universal test machine (Odeme - model OM-100, Luzema, SC, 
Brazil) and adapted to the tensile device for the cohesive strength test at a speed of 
0.5mm/min with a load cell of 50N. The maximum load recorded for sample fracture 
was recorded in Newtons (N) and the CS was calculated in Megapascal (MPa), using 
the following equation:  
CS = F/A 
Where, F represents the tensile force (N) and A is the cross-sectional area 
of the sample in the constriction region (mm2). 
 
Microshear bond strength (μSBS) test 
 
Teeth selection and preparation 
Fifty healthy human molars, extracted from patients for clinical reasons, 
were obtained. The inclusion criteria were: teeth free from caries, restorations, 
cracks, or any other pathology. The teeth were stored in 0.5% chloramine T solution 
for seven days. The local Research Ethics Committee reviewed and approved the 
protocol for this study (CAAE: 80918317.5.0000.5418).  
 The teeth had the roots removed using a diamond disc in a cutting 
machine (Isomet 1000, Buehler, Lake Bluff, Illinois, USA). Thereafter, the crowns 
were positioned on the cutting machine and sectioned to obtain four quarters: buccal, 
lingual, mesial, and distal (n=200). These quarters were embedded in acrylic resin 
(Z-10 Acrylic Resin. Henry Schein Inc., Melville, NY, USA) using polyvinyl chloride 
tubes with a 25 mm diameter, with the enamel surface facing the external region. 
Then, the specimens were abraded using 400-grit silicon carbide abrasive paper 
(APL 4, Arotec, Cotia, SP, Brazil) to remove the enamel and obtain a flat dentin 
surface. Immediately before the restorative procedures, the dentin surfaces were 
wet-polished using 600-grit silicon carbide abrasive papers to standardize the smear 
layer.  
 
Application technique of etch-and-rinse adhesives (ER) 
Half of the embedded dentin quarters were restored using etch-and-rinse 
adhesives (n=100). For this, they were divided into 5 groups (n=20), according to the 
photoinitiator system (CQ-only; 3CQ:1TPO; 1CQ:1TPO; 1CQ:3TPO; TPO-only). The 
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dentin surface was etched with 37% phosphoric acid gel (Condac 37 - FGM, 
Joinville, SC, Brazil) for 15 seconds, rinsed for the same time, and dried with 
absorbent paper. One coat of primer was applied for 20s using vigorous agitation, 
followed by a gentle air jet for 5s to evaporate the solvent. One coat of the bond was 
then applied. Half of each group was light-cured immediately using the multiple-peak 
LED for 20s, as a control (n=10). The other half was light-cured with the resin cement 
photoactivation (n=10). 
 
Application technique of self-etch adhesives (SE) 
The remaining dentin quarters were restored using self-etch adhesive 
systems (n=100). The specimens were divided into 5 groups (n=20), according to the 
photoinitiator system (CQ-only; 3CQ:1TPO; 1CQ:1TPO; 1CQ:3TPO; TPO-only). One 
coat of primer was actively applied for 20s, followed by a gentle air jet for 5s to 
evaporate the solvent, and one coat of the bond was applied. Half of each group was 
light-cured immediately using the multiple-peak LED for 20s, as a control (n=10). The 
other half was light-cured with the resin cement photoactivation (n=10). 
 
Resin cement specimens’ preparation 
Tygon tubes (0.7mm internal diameter x 0.3mm in height) – two per dentin 
quarter – were positioned onto the dentin surface and used as molds. The same 
resin cement, Variolink Esthetic LC (Ivoclar Vivadent, Schaan, Liechtenstein), was 
inserted into the tube using an exploratory probe. Light-curing was performed for 20s 
with the ceramic veneer (0.5 mm) fixed onto the output region of the curing light tip. 
The specimens were stored for 24h at 37°C and 100% relative humidity. The Tygon 
tubes were removed using a scalpel blade to expose the resin cement cylinders. 
 
μSBS test 
The μSBS test was performed using a universal test machine (Instron, 
model 4411, London, England). Each specimen was positioned in a metal device on 
the machine and a thin stainless steel wire (0.2 mm in diameter) was looped around 
the base of each cylinder. The wire was aligned with the bonding interface and 
submitted to a crosshead speed of 0.5 mm/min and a load cell of 50N, until failure. 
The mean of two cylinders of each dentin quarter was considered as the mean of that 





The failure mode of the specimens was observed under an optical 
microscope (Leika Microsystems, Wetzar, Germany) at 40x magnification. The failure 
mode was classified as: adhesive, cohesive in dentin, cohesive in resin cement and 
mixed (involving dentin/adhesive/resin cement). Representative specimens of most 
frequent failure modes were mounted on aluminum stubs and sputter coated with 
gold (Balzers SCD 050 Sputter Coater, Balzers Union, Balzers, Liechtenstein) to 
analyze the fracture patterns using scanning electron microscopy (SEM - JSM 5600 
LV, JEOL, Tokyo, Japan). 
 
Statistical analysis 
The data were subjected to the Shapiro-Wilk test and light transmittance 
data were submitted to one-way ANOVA and Tukey’s test (p=0.05). The factor 
analyzed was the thickness (ceramic + resin cement thickness and control group, 
with no material interposed). DC, CS, and μSBS were analyzed using three-way 
ANOVA and Tukey’s test (p=0.05). The three factors analyzed were the thickness 
(ceramic + resin cement and control group), the photoinitiator system (CQ-only; 
3CQ:1TPO; 1CQ:1TPO; 1CQ:3TPO; TPO-only) and the adhesive system (etch-and-
rinse and self-etch). For μSBS testing, the pre-testing failures were included as zero 




Figure 1 illustrates the emission peak within the blue spectrum at 460 nm, 
and a peak within the violet region at 410 nm for the multiple-peak LED. The 
irradiance was attenuated when the ceramic veneer and resin cement layers were 


























Figure 1- Spectral irradiance for the multiwave LED and irradiance attenuated by the 
interposition of the ceramic veneer and resin cement layers. 
 
ANOVA revealed that thickness had a significant effect on light 
transmittance (p=0.0001). Table 3 shows a reduction in the irradiance of blue and 
violet light through the ceramic and resin cement. The lowest transmittance was 
observed within the violet spectrum. 
 
Table 3 – Light irradiance (mW/cm2) transmittance (%) and attenuation (%) through 
ceramic veneer and resin cement. 







  Irradiance (mW/cm2)  
 
Bluephase G2 Ceramic 0.5 mm + Resin cement 0.3 mm Transmittance (%) Attenuation (%) 
Violet - 380nm - 420nm 265.13 ± 3.88 A 30.10 ± 2.58 B 11 89 
Blue - 420nm - 495nm  953.33 ± 2.35 A 406.49 ± 3.84 B 43 57 




Figure 2 shows the absorbance of CQ and TPO. CQ absorbed light within 
the blue spectrum, with an absorption peak at 468 nm, thus overlapping with the 
emission peak in the blue light region of the multiple-peak LED. TPO absorbed light 
near the UV-A region and extended to the violet spectrum, with an absorption peak at 
















Figure 2- Camphorquinone (CQ) and diphenyl(2,4,6-trimethylbenzoyl)-phosphine 
oxide (TPO) in the 340-540 nm spectra. 
 
Degree of conversion (DC)  
The analysis of variance (ANOVA) of DC data showed that the factors 
“thickness” (p=0.0001) and “photoinitiator” (p=0.0001) were significant. The 
interaction between the “photoinitiator” and “thickness” factors was also significant 
(p=0.0001). On the other hand, the factor “adhesive system” (p=0.885) and the 
interactions between “adhesive system” and “photoinitiator” (p=0.916); “adhesive 
system” and “thickness” (p=0.974); and “adhesive system”, “thickness”, and 
“photoinitiator” (p=0.942) were not significant. Figure 3 shows similar DC values for 
all adhesive systems in the control group. A decrease in DC through the ceramic 
veneer + resin cement layers was observed for groups containing TPO at 75% and 
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100%. The lowest DC values were observed for the TPO-only adhesives. TPO up to 
50% showed similar values to the CQ-only adhesive system and the control group. 
 
 
Different capital letters indicate statistically significant difference between control and 0.5 mm + 0.3 
mm thickness and small letters among photoinitiator system (p<0.05). 
 
Figure 3- Degree of conversion for the tested experimental adhesives with different 
photoinitiator systems photoactivated through the ceramic veneer and resin cement 
layers.  
 
Cohesive strength (CS)  
The factors “photoinitiator” (p=0.0001) and “thickness” (p=0.0001) showed 
a significant effect on CS values. The interaction between “photoinitiator” and 
“thickness” was also significant (p=0.001). However, the factor “adhesive system” 
was not significant (p=0.243) and the interactions between “adhesive system” and 
“photoinitiator” (p=0.344); “adhesive system” and “thickness” (p=0.980); and among 
these three factors (p=0.774) were not significant. Figure 4 shows similar values for 
CS when the ceramic veneer and resin cement layers were not interposed, for all 
adhesive systems. The interposition of ceramic and resin cement reduced the CS for 
adhesive systems containing TPO of 75%. The adhesive system containing only 
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TPO photoactivated through the ceramic veneer and resin cement showed the lowest 
CS means.  
 
 
Different capital letters indicate statistically significant difference between control and 0.5 mm + 0.3 
mm thickness and small letters among photoinitiator system (p<0.05). 
 
Figure 4- Cohesive strength for the tested experimental adhesives with different 
photoinitiator systems, photoactivated through ceramic veneer and resin cement 
layer.  
 
Microshear bond strength (μSBS) test 
The three-way ANOVA for μSBS data demonstrated that the factors 
“photoinitiator” (p=0.0001) and “thickness” (p=0.0001) were significant, as was the 
interaction between “photoinitiator” and “thickness” (p=0.0001). The factor “adhesive 
system” (p=0.546) and the interactions between “adhesive system” and 
“photoinitiator” (p=0.187); “adhesive system” and “thickness” (p=0.092); and 
“adhesive system”, “thickness”, and “photoinitiator” (p=0.812) were not significant. 
Tables 5 and 6 show the microshear bond strength (µSBS), standard deviation, total 
number of specimens, and number of pre-testing failures for all adhesive systems, 
photoactivated with or without ceramic veneer and resin cement interposition. All 
adhesive systems presented similar values in the control group, regardless of the 
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photoinitiator system used. However, when the ceramic and resin cement were 
interposed, there was a reduction in values for all them. The adhesive system with 
TPO starting at 50% showed lower bond strength values when compared to the 
adhesives with less TPO. 
 
Table 4 - Microshear bond strength means (± standard deviation) for ER 
experimental adhesive systems with and without ceramic veneer and resin cement 
layer interposed.  
Photoinitiator system Microshear bond strength (MPa)  
 
Control Ceramic + resin cement  
CQ-only (ER) 27.28 ± 2.15 Aa (0/10)  22.05 ± 2.08 Ba (0/10)  
3CQ: 1TPO (ER) 28.07 ± 3.50 Aa (0/10)  20.09 ± 3.11 Ba (0/10)  
1CQ:1TPO (ER) 27.27 ± 2.46 Aa (0/10)  19.23 ± 2.62 Ba (0/10) 
1CQ:3TPO (ER) 25.23 ± 2.90 Aa (0/10)  11.19 ± 5.88 Bb (2/8)* 
TPO-only (ER) 26.51 ± 2.67 Aa (0/10) 6.26 ± 4.40 Bc (3/7)* 
Different capital letters in row and small letter in column indicate statistically significant difference 
(p<0.05). 
* Number of pre-testing failures per total specimens’ number is mentioned. 
 
 
Table 5 - Microshear bond strength means (± standard deviation) for SE 
experimental adhesive systems with and without ceramic veneer and resin cement 
layer interposed. 
 
Photoinitiator system Microshear bond strength (MPa)  
 
Control Ceramic + resin cement 
CQ-only (SE) 27.53 ± 2.64 Aa (0/10)  21.45 ± 2.57 Ba (0/10) 
3CQ: 1TPO (SE) 26.75 ± 2.70 Aa (0/10) 20.99 ± 2.08 Ba (0/10) 
1CQ:1TPO (SE) 27.80 ± 2.49 Aa (0/10) 20.06 ± 2.06 Ba (0/10) 
1CQ:3TPO (SE) 26.41 ± 2.47 Aa (0/10) 9.30 ± 6.41 Bb (2/8)* 
TPO-only (SE) 26.90 ± 2.48 Aa (0/10) 5.08 ± 3.71 Bc (4/6)* 
Different capital letters in row and small letter in column indicate statistically significant difference 
(p<0.05). 









Figure 5 shows that mixed failures were predominately recorded for all 
groups without ceramic and resin cement interposed. For adhesives containing 75% 
and 100% TPO that were photoactivated through ceramic and resin cement had a 
greater predominance of adhesive failures. Cohesive failures within resin cement 
were observed only in some control groups containing up to 50% CQ. No cohesive 
failures within dentin were verified. 
 
 
Figure 5- Failure mode analysis of debonded specimens (%). 
 
SEM micrographs 
Figure 6 shows SEM micrographs of debonded specimens. Images A and 
B show mixed failure for an ER adhesive with 1CQ:1TPO light-cured through ceramic 
and resin cement layer, with remnants of the adhesive (a) and resin composite (c) 
attached to dentin (d). Images C and D show adhesive failure for an ER adhesive 
with 1CQ:3TPO, light-cured through the ceramic and resin cement layer. The 








Figure 6 - SEM micrographs of ER adhesive system debonded specimens. Images A 
and B (1CQ:1TPO) show mixed failure, with remnants of adhesive (a) and resin 
composite (c) attached to dentin (d). Images C and D (1CQ:3TPO) show adhesive 
failure with presence of adhesive remnants into dentin tubules. 
 
Figure 7 shows SEM micrographs of debonded specimens. Images A and 
B show mixed failure for an SE adhesive with 1CQ:1TPO light-cured through the 
ceramic and resin cement layer, with remnants of resin composite (c) attached to 
dentin (d). Images C and D show adhesive failure for an SE adhesive with 
1CQ:3TPO light-cured through ceramic and resin cement, with exposure of dentin 












Figure 7 - SEM micrographs of SE adhesive system debonded specimens. Images A 
and B (1CQ:1TPO) show mixed failure, with remnants of resin composite (c) 
attached to dentin (d). Images C and D (1CQ:3TPO) show adhesive failure with 





The first research hypothesis, that the interposition of ceramic veneer and 
resin cement layers would influence light transmittance to the adhesive layer, was 
accepted. As seen in Figure 1, despite the high irradiance of the multiple-peak LED, 
most of the light is emitted in the blue spectrum and only a small portion in the violet 
range, around 22%. Additionally, there was a marked attenuation of the total 
irradiance emitted when the ceramic veneer and resin cement were interposed, 
mainly in the violet spectrum. Table 3 shows that only 11% of the violet light emitted 
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reached the adhesive layer, thus it could be a problem for photoinitiators that absorb 
light in this wavelength range. 
There are several factors that interfere with the transmission of light 
through materials. One of them is the crystallinity of the ceramic restoration. In this 
study, the IPS Empress Esthetic ceramic has 35 ± 5 vol% of leucite crystals, a higher 
amount of crystals leads to greater light scattering, and less absorption of the light by 
the material. Thus, less light transmission is expected through a reinforced glass 
ceramic than through a feldspathic ceramic.20,30 In addition to the composition, it is 
important to consider the refractive index; less light scattering is found with smaller 
differences between the refractive indexes of material components. This is due to a 
reduction in reflections and refractions at their interfaces, thus greater  light 
transmittance. Leucite crystals have a similar refractive index to the glassy matrix, 
1.51 and 1.50 respectively;20 therefore, high transmittance through this material is 
expected. However, the presence of porosities in the glass might influence this 
property,12 due to the lower refractive index of the pore (around 1.0)40 leading to light 
scattering.  
The manufacturer of Variolink Esthetic LC describes a similar refractive 
index between the resin matrix and filler particles.6 However, the filler size also has to 
be considered, and according to the manufacturer, the filler particles range in size 
from 100 to 200 nm. According to the Rayleigh scattering theory, for the light to be 
scattered by a particle, the particle size must be similar or smaller than the 
wavelength radiation.18 In other words, greater light scattering occurs when the 
composite filler particles have a diameter smaller or close to the value of the 
irradiated wavelength. The resin cement used in this study has a filler size smaller 
than the wavelength of the incoming light of the multiple-peak LED (approximately 
385-515 nm), suggesting that the resin cement also had an effect on light scattering. 
Light attenuation may have an influence on the mechanical properties of 
indirect restorations; however, the absorption capacity of the photoinitiator systems 
also has to be taken into account. As observed in Figure 2, TPO absorbs light only in 
the violet spectrum, while CQ absorbs in the blue range. Thus, it is expected that 
TPO would present a lower degree of conversion than CQ, since the amount of violet 
light attenuated was much higher than with the blue light. As observed in Figure 3, 
the DC was similar among the photoinitiator systems in the control groups, 
regardless of the differences in CQ and TPO ratios. Previous studies also observed 
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similar DC values among resin materials with TPO-only, CQ-only/amine or an 
association of the two initiators.1,11,25 The high light absorption of TPO exposed to a 
violet light source is due to its high efficiency in free radical generation and efficient 
quantum yields. When this photoinitiator is activated by incoming photons, the 
photochemical process leads to the cleavage of the C–P bond of the molecule, 
forming two radicals that can diffuse through the resin medium and immediately 
initiate the polymerization.27 This is different from what occurs with CQ,  in which the 
CQ molecule shifts to an excited state after absorbing light and interacts with a 
hydrogen-donating co-initiator, usually an amine-derivate. Therefore, free radicals 
can be generated, but the velocity that these radicals are generated depends on the 
proximity of CQ to the amine. In this case, only one active free-radical is expected to 
initiate polymerization.10,27 
The degree of conversion is a modulator of the crosslink density of a 
polymer,3 where a greater DC indicates a greater crosslink density and improved 
mechanical properties of the polymer.24 Consequently, the control groups, which 
showed the highest DC values (Figure 3), also were the ones with the highest CS 
(Figure 4) and μSBS values (Tables 4 and 5), regardless of the photoinitiator 
systems. However, as the violet light was very attenuated with the interposition of 
ceramic veneer and resin cement, the polymerization and mechanical properties of 
the adhesives containing high concentrations of TPO (75 and 100%) was affected. 
Thus, the second hypothesis, that the interposition of ceramic veneer and resin 
cement layers would affect the cure efficiency and mechanical properties of the 
adhesive system layer, was accepted. Previous studies have also observed that light 
attenuation can affect the mechanical properties of resin materials.8,9,11  
The adhesive systems containing TPO-only showed the lowest values for 
DC, CS, and μSBS under ceramic veneer and resin cement. Thus, the third 
hypothesis; that the use of different photoinitiator systems would affect the cure 
efficiency, cohesive strength, and bond strength, was also accepted. When the 
ceramic veneer and resin cement layers were interposed, the combination of CQ and 
TPO had higher cure efficiency and mechanical properties when compared to TPO-
only. The best concentration of TPO was up to 50% of the total amount of 
photoinitiator, because the values were similar to the control groups and greater than 
the groups containing TPO at 75% and 100% when the ceramic and resin cement 
were interposed. This proves that the difference in attenuation of the different 
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wavelength spectrum in which each photoinitiator absorbs light directly influences the 
adhesive performance. The amount of absorbed blue light helped to compensate for 
the low absorption of violet light by TPO under the ceramic and resin cement with the 
combination of CQ and TPO at concentrations at or above 50% for CQ. Thus, there 
was higher degree of conversion of the adhesive system, and consequently 
improvement in all mechanical properties. A previous study evaluated the curing 
efficiency of resin composites containing a combination of CQ and TPO; it observed 
that as the amount of TPO increased in relation to CQ, the cure efficiency decreased 
in deeper regions of the restoration.11 A low degree of conversion, while affecting the 
mechanical properties of the materials, can also increase the leaching of the 
unreacted monomers. Studies have shown that, in non-toxic concentrations, the 
unpolymerized TEGDMA and HEMA undergo saponification by enzymatic hydrolysis 
that breaks down these molecules into molecules of methacrylic acid. This increases 
the toxicity and adverse side effects, because these molecules can be leached into 
saliva, reach the gastrointestinal tract, and can alter cell function.14,17  
Tables 4 and 5 show reductions in bond strength for all groups when 
ceramic veneer and resin cement were interposed, different from the results 
observed for DC and CS. This fact may have occurred because the photoactivation 
of the specimens for the microshear bond strength test was done through ceramic 
veneer and unpolymerized resin cement in order to simulate a clinical situation, 
which was different from the evaluations for DC and CS, in which pre-polymerized 
resin cement was interposed. This fact could have affected the transmittance of light, 
as the difference in refractive index between the inorganic fillers and the resin matrix 
decreases after curing due to the increase in the refractive index of the polymers 
formed that become similar to the filler particles. This increase is in part due to the 
enhanced density of the polymer when compared with the monomer; as well as to 
the decrease in molecular mobility as the cross-linking density and viscosity 
increase.31 However, the refractive index of methacrylate monomers is usually lower 
than the filler particles prior to polymerization, which could lead to greater light 
scattering in the microshear bond strength specimens than if a pre-polymerized resin 
cement were used, like in the other tests.16,21  
As can be seen in Figure 5, the mixed failure mode was predominant in 
the control groups and is the result of higher values for microshear bond strength.  
However, with the interposition of ceramic veneer and resin cement, an increase in 
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percentage of adhesive failures was observed, mainly in adhesive systems 
containing more than 50% of TPO. This occurred because the highest light 
attenuation occurred in the violet spectrum through the ceramic and resin cement; 
therefore, TPO received lower energy and was not able to trigger adequate 
polymerization. It is possible that the formation of polymers with deficient mechanical 
properties led to lower bonding values. The failure modes more frequently observed 
for the adhesive systems are shown in the SEM micrographs in Figure 6 and Figure 
7. 
Regarding etch-and-rinse and self-etch modes, the adhesive systems 
presented similar bond strengths among them, without statistical differences, 
regardless the other factors evaluated. This was probably due to the similar 
composition of the monomers present in both systems. The only difference was the 
use of the GDMA monomer in the etch-and-rinse adhesive and GDMA-P in the self-
etch adhesive systems. A previous study evaluated the behavior of GDMA in etch-
and-rinse and self-etch adhesives and observed similar values among them for 
degree of conversion and bond strength after 6 months. These results were better 
than the values for adhesives containing HEMA.2 The concentration of GDMA-P in 
self-etching adhesives was evaluated previously and satisfactory immediate bond 
strength (41.8 MPa) was observed for adhesives containing 15% of GDMA-P in their 
formulation.23 However, the HEMA concentration was higher than in the present 
study.  The addition of HEMA in the primer is needed for self-etch adhesives to bond 
to dentin effectively.23,38 Van Landuyt et al. 2008 demonstrated that 10% of HEMA 
improved the bonding efficacy of simplified self-etch adhesives by enhancing their 
wetting behavior.38 This is due to its polar properties and small dimensions that can 
improve penetration into the dentin substrate, which is in agreement with the 
composition of adhesives used in this study.  
Another factor to consider is the longitudinal orientation of the dentin 
tubules in the specimens in the current study. The cuts made in this experiment may 
have favored the self-etch adhesives, since these adhesive systems theoretically can 
have a chemical interaction with hydroxyapatite.39 In a previous study, Sinhoreti et 
al., 201732 evaluated the microtensile bond strength (μTBS) of self-etch and etch-
and-rinse adhesive systems in the central and proximal dentin regions and observed 
that etch-and-rinse adhesives had a reduction in bond strength when tested on 
proximal dentin location. However, the self-etch adhesives showed similar values for 
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both central and proximal dentin regions. In a clinical situation, in addition to the 
difficulty of forming resin tags in the proximal dentin due to the tubule orientation, 
there is reduced intrinsic moisture in this region.36 The local moisture may be 
insufficient to prevent collagen tubule shrinkage, which impairs the etch-and-rinse 
adhesive systems, since they depend on the exposed collagen structure for resin 
diffusion after demineralization by acid etching. In the present study, if the tubules 
were cross-cut, the etch-and-rinse systems could have better results, due to the 
greater formation of resin tags in the  dentin tubules. 
Total replacement of CQ by TPO in simplified adhesive systems can 
improve their cure efficiency and hydrophilicity.7,33 However, the use of TPO-only in 
adhesive systems proved not to be effective for indirect restorations in this study , 
due to their low energy absorption under the restorative materials. Thus, polymers 
with poor mechanical properties are obtained. Nevertheless, replacing CQ with up to 
50% of TPO in dental adhesives showed to be a good alternative; since it promoted 
similar or improved depth of cure, cohesive strength, and bond strength when 
compared to CQ-only and TPO-only adhesives. In this sense, future studies should 
verify if the association of CQ and TPO in this 1:1 ratio would be sufficient to improve 
water compatibility and co-polymerization of hydrophilic monomers and avoid phase 
separation at the micro- or nano-level in simplified adhesives. 
 
CONCLUSION 
Under the conditions of this study, it can be concluded that: 
- The violet spectrum is more affected by light attenuation through 
ceramic veneer and resin cement. This attenuation directly affected 
the degree of conversion and mechanical properties of etch-and-rinse 
and self-etch adhesives containing high concentrations of TPO.  
- The addition of up to 50% TPO in association with CQ in adhesive 
systems, when photoactivated with the interposition of the restorative 




Alternative photoinitiators to camphorquinone may be a viable strategy to 
improve properties of dental adhesives. However, the clinician should be careful 
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about this replacement when ceramic veneers are indicated, to avoid compromising 
the bond strength. 
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Sistemas fotoiniciadores alternativos à CQ/amina têm sido sugeridos por 
apresentarem resultados satisfatórios quanto à eficiência de cura, 
propriedadesmecânicas e ópticas, em materiais resinosos (Schroeder e Vallo, 2007; 
Meereis et al., 2014;  de Oliveira et al., 2015). No entanto, o comportamento desses 
compostos quando utilizados em restaurações indiretas pode ser comprometido pela 
atenuação da luz ativadora. Tendo em vista que essa atenuação da luz sempre está 
presente nesse tipo de restauração, é importante  adotar medidas que possam 
minimizar os efeitos desse fenômeno. A associação de fotoiniciadores na 
composição dos cimentos resinosos e sistemas adesivos poderia ser um meio de 
diminuir os efeitos da atenuação da luz nas propriedades mecânicas e também de 
melhorar as propriedades ópticas desses materiais. 
Nos dois estudos apresentados pôde-se observar que a atenuação de luz 
através de materiais restauradores indiretos realmente acontece. O primeiro estudo 
mostrou que essa atenuação aumentou de maneira proporcional de acordo com o 
aumento da espessura cerâmica. Cabe ressaltar que a atenuação da luz através de 
cimentos resinosos foi ainda mais evidente, principalmente no espectro violeta, 
como mostrou o segundo estudo, em que uma película de cimento resinoso de 0,3 
mm associada à um laminado cerâmico de 0,5 mm reduziu a transmissão da luz 
violeta em 89%, similar à que ocorreu com a interposição de uma cerâmica de 1,5 
mm no primeiro estudo. 
No segundo estudo, além das características da cerâmica que interferem 
na passagem da luz, houve também a influência da composição do cimento 
resinoso. Deve-se considerar que o conteúdo orgânico e inorgânico desse material 
têm índices de refração diferentes da cerâmica e que o tamanho das suas partículas 
de carga provavelmente aumentou a capacidade de refletir e refratar a luz, 
principalmente no espectro violeta, devido à proximidade do tamanho das partículas 
com essa faixa de luz (380 – 420 nm). Consequentemente, maior foi a atenuação da 
luz através do conjunto cerâmica-cimento resinoso, se comparado a um laminado 
cerâmico de espessura equivalente. 
Ambos os estudos mostraram maior absorção dos fotoiniciadores 
alternativos no espectro violeta. Devido a essa característica, houve maior redução 
no grau de conversão e nas propriedades mecânicas para os materiais contendo 
	 
69	
somente TPO quando comparados aos demais grupos fotoativados através de 
laminados cerâmicos a partir de 0,7 mm e através do conjunto cerâmica-cimento 
resinoso. Por outro lado, o BAPO por ter uma faixa de absorção maior, que se 
estende até 430 nm, e também por ter maior eficiência na geração de radicais livres 
que o TPO (Newmann et al., 2006), apresentou redução nas suas propriedades 
apenas com a interposição de laminados cerâmicos mais espessos.  
Diante desses resultados, o BAPO seria uma alternativa interessante ao 
sistema CQ/amina, pois além de boas propriedades mecânicas, o cimento que o 
continha apresentou maior estabilidade de cor quando comparado aos cimentos 
contendo CQ e aminas convencionais (EDMAB e DMAEMA). No entanto, 
apresentou maior amarelamento e menor estabilidade de cor que o TPO, 
independente da espessura da cerâmica interposta.  
A substituição total da CQ por TPO promoveu melhora significativa na 
estabilidade de cor e redução no amarelamento dos cimentos resinosos após o 
envelhecimento. Porém, nos dois estudos realizados, os materiais contendo 
somente TPO foram os que obtiveram os piores resultados para grau de conversão 
e propriedades mecânicas, quando fotoativados sob os materiais restauradores 
indiretos. 
A substituição das aminas convencionais pela DMPOH também é uma 
alternativa a ser considerada, pois o cimento resinoso contendo o co-iniciador 
DMPOH, além de apresentar menor alteração de cor após o envelhecimento quando 
comparado aos outros sistemas à base de CQ, também apresentou resultados 
satisfatórios de eficiência de cura e propriedades mecânicas. Em estudo anterior 
(Oliveira et al., 2014), a citotoxidade desse co-iniciador foi avaliada e observou-se 
que é semelhante à citotoxicidade da EDMAB, sendo então uma alternativa viável 
para substituir as demais aminas em sistemas fotoiniciadores contendo CQ.  
O cimento resinoso contendo o sistema fotoiniciador CQ/EDMAB 
associado ao TPO apresentou menor alteração de cor que os cimentos contendo 
somente CQ/amina ou BAPO, através de todas as espessuras de laminado 
cerâmico, sem comprometer a eficiência de cura e resistência à flexão. O sinergismo 
entre esses fotoiniciadores tornaria restaurações indiretas mais estéticas sem o 
comprometimento de suas propriedades físico-químicas. 
Esse sinergismo conseguido com a associação da CQ e do TPO também 
foi observado no segundo estudo, mas notou-se um limite na proporção desses 
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fotoiniciadores. Com a adição a partir de 75% de TPO nas formulações houve um 
prejuízo na polimerização dos sistemas adesivos quando fotoativados sob 
restaurações indiretas, indicando que a proporção ideal de CQ e TPO nesse tipo de 
material seria de 1:1 para garantir adequada polimerização e, consequentemente, 


































Baseado nos resultados obtidos neste estudo pode-se concluir que: 
Houve atenuação da luz emitida pelo fotoativador através dos materiais 
restauradores indiretos, principalmente no espectro violeta.  
Os materiais resinosos contendo somente TPO apresentaram menor 
eficiência de cura e propriedades mecânicas inferiores aos os demais materiais, 
quando fotoativados através dos materiais restauradores.  
Os cimentos contento TPO mostraram maior estabilidade de cor. O 
cimento resinoso contendo BAPO apesar de menor estabilidade de cor que os 
cimentos contendo TPO, mostrou os melhores resultados de eficiência de cura e 
resistência flexural.  
O cimento contendo CQ/DMPOH apresentou maior estabilidade de cor 
que as demais aminas, sem comprometer a eficiência de cura e resistência flexural. 
O cimento resinoso com associação de TPO e CQ mostrou eficiência de 
cura e resistência à flexão, semelhantes à CQ/amina em todas as espessuras 
cerâmicas, porém apresentou maior estabilidade de cor. 
Nos sistemas adesivos, a substituição da CQ por TPO em até 50% 
apresentou resultados de DC, CS e μSBS semelhantes aos grupos controle, mesmo 
com a interposição do material restaurador. No entanto, a adição de TPO a partir de 
75% mostrou os menores valores para DC, CS e μSBS quando os adesivos foram 
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Apêndice 1: Metodologia ilustrada dos testes realizados no Artigo 1  
 
 
Figura 1 -  Análise da atenuação de luz. 
 
A e B: Obtenção dos laminados cerâmicos. C: Espessuras dos laminados utilizados 
no estudo. D: Espectrômetro USB2000. E: Transmissão de luz sem interposição do 













Figura 2 -  Análise do grau de conversão.  
 
A: Confecção de amostra circular de cimento resinoso. B: Fotoativação do cimento 
sem interposição do laminado cerâmico. C: Fotoativação do cimento com 
interposição do laminado cerâmico. D: Espectrômetro Raman. E: Análise do cimento 






















Figura 3 – Ensaio de resistência à flexão. 
 
A: Inserção do cimento na matriz de borracha. B: Fotoativação do cimento sem 
interposição do laminado cerâmico. C: Fotoativação do cimento através do laminado 
cerâmico. D: Espécime posicionado na máquina de ensaios. E: Força incidindo 
























Figura 4 – Análise da alteração de cor. 
 
A: Espectrofotômetro (Easyshade – VITA). B: Espécime de cimento resinoso. C: 
Determinação da cor sem interposição do laminado cerâmico. D: Determinação da 
cor com laminado cerâmico. E: Espécimes antes do envelhecimento artificial. F: 































Apêndice 2: Metodologia ilustrada dos testes realizados no Artigo 2  
 
 
Figura 1 – Análise da transmissão de luz. 
 
A: Cimento resinoso Variolink Esthetic LC (Ivoclar Vivadent). B: Espécime de 
cimento resinoso. C: Espessura do espécime de cimento resinoso. C: Laminado 
cerâmico. D: Espessura do laminado cerâmico. E: Fibra óptica do espectrômetro 
USB 2000. F: Espécime de cimento resinoso e laminado cerâmico sobre a fibra 












Figura 2 –  Análise de absorção dos fotoiniciadores. 
 
A: Fotoiniciadores CQ e TPO. B: Suportes para amostra. C: Suportes com 
fotoiniciadores posicionados no espectrofotômetro. D: Espectrofotômetro Thermo 
Scientific Evolution 201. 
 
 



























Figura 3 -  Análise do grau de conversão.  
 
A: Primer dispensado no frasco eppendorf escuro. B: Evaporação dos solventes. C: 
Adesivo dispensado no eppendorf. D: Mistura do primer e do adesivo. E: Inserção do 
sistema adesivo na matriz de borracha. F: Fotoativação do sistema adesivo sem 
interposição do conjunto cimento resinoso-laminado cerâmico. G: Fotoativação do 
sistema adesivo com interposição do conjunto cimento resinoso-laminado cerâmico. 
H: Espectrômetro Raman. I: Análise do sistema adesivo não polimerizado. J: Análise 








Figura 4 – Ensaio de resistência de união ao microcisalhamento. 
 
A: Remoção das raízes do elemento dental. B: Coroa do dente seccionada para 
obtenção das faces vestibular, lingual, mesial e distal. C: Inclusão da face do dente 
em tubo de PVC. D: Aplicação do adesivo. E: Inserção do cimento resinoso na 
matriz de Tygon. F: Fotoativação através do laminado cerâmico. G: Espécimes após 
armazenamento e remoção das matrizes de Tygon. H: Espécimes posicionados para 











Figura 5 – Ensaio de resistência coesiva. 
 
A: Inserção do sistema adesivo na matriz de borracha. B: Fotoativação do sistema 
adesivo sem interposição do conjunto cimento resinoso-laminado cerâmico. C: 
Fotoativação do sistema adesivo com interposição do conjunto cimento resinoso-
laminado cerâmico. D: Máquina semi-universal de ensaios Odeme (modelo OM-
100). E: Espécime posicionado na máquina de ensaios. E: Espécime fraturado após 
































































Anexo 3: Certificado do Comitê de Ética em Pesquisa. 
 
